This investigation was initiated to assess the following objectives: (1) to measure the total calcium and magnesium content in agricultural soil and sewage sludge from the Mediterranean coastal area of Motril (southeastern Spain); (2) to determine the pH values of indicated samples in order to
Introduction
Calcium is readily evident in alkaline soil and is very scarce in very acidic silicon soil. Weathering and rainfall in the area has a large impact on the chemical composition and calcium levels in the surrounding soil. In soil from arid or semiarid zones, high calcium concentrations have been found (Ganor and Mamame, 1982; Löye-Pilot et al., 1986; Young et al., 1988) . Lower levels of acidity, less rainfall, and therefore less erosion, enhance the stability of minerals like the calcium in the soil's clay. As a result, the high calcium 368 A. M. Jodral-Segado et al. content will tend to flocculate in the upper profile of the soil's clay (Ruhe, 1984) . Phillips and Chiy (2002) , after applying sodium fertilizers, observed an enhancement of calcium concentrations in leachate. Similarly, an increase in calcium, magnesium, and pH values was observed in tropical agricultural soil after applying compost (Slattery et al., 2002; Soumare et al., 2003) .
In soil, magnesium is present mainly in inorganic compounds, although considerable amounts also appear associated with the organic material in humus (Sutcliffe and Baker, 1983) . It is known that the principal portion of exchangeable magnesium is associated with clay particles. Exhaustion of the soluble magnesium cation in the soil by microorganisms and the plant's roots provokes uptake of the solid (non-soluble) mineral, which affects the nonexchangeable fraction. On the other hand, when the soil's acidity increases, a diminishment of available magnesium is observed due to the fact that hydrogen ions occupy a high number of the exchange sites (Sutcliffe and Baker, 1983) . Studies indicate that in coastal areas magnesium enters the atmosphere from the sea because this element is one of the main constituents of marine aerosols.
It is known that magnesium uptake by plants is affected by the presence of other cations such as ammonium, potassium, manganese, and sulphur (Pessarakli, 1995; Phillips and Chiy, 2002) . For high levels of pH, the ratios of Mg/Ca, Mg/K and Mg/Al, rather than the magnesium concentration alone, are related to the element flux in plants (Rengel and Robinson, 1990) .
The existence of calcium and magnesium in soil is related to several factors, including geographic location, type of rock, pH, nature of drainage water, clay content, cation exchange capacity, weathering and climatic conditions, and type of plant grown (Young et al., 1988; Pombo, 1995; Shallari et al., 1998; Davila et al., 1999; Materechera, 1999; Jo and Koh, 2004; Scheuner et al., 2004; Yanai et al., 2004) .
Calcium and magnesium are absorbed by plants, and their bioavailability mainly depends on the mobility and extractability of both elements from soil (Pinto et al., 1995; Pombo, 1995; Normandin et al., 1998) . A high amount of calcium present in the plant is a result of high element levels existing in the soil more than the plant's uptake efficiency, the velocity of the plant's transpiration (Michael and Marschner, 1962; Lazaroff and Pitman, 1966; Sawan et al., 1997) , or the addition of liming materials to soil (Hettiarachchi and Sinclair, 2002) . However, Warncke et al. (2002) found that although lime application increased the calcium and magnesium concentration in the soil, it had no effect on the element levels in asparagus ferns growing there. Park et al. (2004) demonstrated that wood ash can supply calcium and magnesium removed during harvest in willow plantations.
In the studied area the farmers use different agricultural practices in relation to the amount and type of fertilizers employed or the application of sewage sludges to the agricultural soil of the surrounding zone. Therefore, the specific reason for the study of the sewage sludge was to evaluate if this agricultural practice could have any influence on calcium and magnesium levels present in soil, as it has been previously stated for other minerals (Terrés et al., 2002) . Additionally, the gully of Brujas, from which sewage sludge samples were directly taken (Figure 1 ), collects municipal wastewater outlet and industrial discharge, which could also influence the mineral levels present in samples.
This investigation was initiated to assess the total calcium and magnesium content in agricultural soil and sewage sludge from the Mediterranean coastal area of Motril (southeastern Spain). The pH values of samples were also measured in order to evaluate their influence on calcium and magnesium content. This way we could better understand how total element content and corresponding pH values might influence plant uptake and disposition, and compare the element levels in plants grown on this zone with those formerly determined by Jodral-Segado et al. (2003) . Additionally, a study of the influence of human and industrial activities on total calcium, magnesium, and pH values in agricultural soil located in the surrounding area was conducted in order to study their effect on bioavailability and total concentration of these elements in sugar cane plants.
Materials and Methods

Agricultural Soil, Sewage Sludge and Sugar Cane Samples
Agricultural soil (n = 32) and sewage sludge (n = 16) samples considered in the present study were obtained directly from Motril (a Mediterranean coastal city of SE Spain) (Figure 1 ). Agricultural soil was taken according to the random model suggested by Bridges and Davidson (1982) from the arable layer at 10-15 cm depth in 32 different sampling sites. Sewage sludge was collected in 16 different sites in a gully (gully of Brujas) that crosses the study zone.
Sugar cane samples were obtained directly in the field from the agricultural soil located in the study zone. This plant specie was selected from all crops grown there because it is the predominant crop, and a considerable number of samples were available (n = 16).
Analytical Procedure
The homogenized sample (agricultural soil and sewage sludge) (300 mg) was placed in a 100-ml volumetric flask, and mineralized by addition of 5.0 ml of concentrated HNO 3 and heating at 90
• C for 45 min in a sand mineralization block. Another 5.0 ml of 4:1 mixture of HNO 3 and HClO 4 was added and heating continued at 130
• C for an additional 2 h until the sample was completely mineralized. Then the mixture was cooled and the resulting solution diluted to 25 ml with ultra pure water. A second dilution was prepared by taking different aliquots of the previous dissolution and diluting them with ultra pure water. In order to avoid the phosphate interference, 0.2 ml of LaCl 3 solution was added as matrix modifier (De la Fuente et al., 1996; Moreno-Torres et al., 2000) . Calcium and magnesium determination were carried out by direct aspiration into the flame atomic absorption spectrophotometer (Perkin-Elmer 1100B double beam atomic absorption spectrophotometer, Perkin-Elmer Corp., CT).
The presence of matrix interference was observed only for calcium. Therefore, for this element the samples were analyzed by the standard addition method. All magnesium determinations were carried out by the linear calibration method.
PH was measured using the previously optimized method of Díaz et al. (1996) . Calcium and magnesium concentration in sugar cane samples were measured using the procedure of Jodral-Segado et al. (2003) .
Analytical Results
The accuracy was checked with recovery assays. The precision was also checked in 7 successive determinations of 2 different samples. Results are summarized in Table 1 . Accuracy and precision were also checked through 10 determinations of the standard reference materials (National Institute of Standards and Technology Standard Reference Materials NIST SRM 2704 Buffalo river sediment and 1572 citrus leaves), using the same procedure as described for samples. c Mean relative standard deviation obtained by repeated measurements (n = 7) in 2 agricultural soil and sewage sludge samples.
Statistical Analysis
The statistical package Statgraphics Plus 2.0 for Windows program was employed to interpret the obtained data. The results obtained are expressed as an arithmetic mean ± standard deviation. The assessment of significant differences between considered parameters was made using Student's t-test when the variable fulfilled parametric conditions, and the Kruskall-Wallis' test when conditions were non-parametric. Linear regression analysis was also done between magnesium and calcium concentrations, and among these elements and corresponding pH values.
Results and Discussion
Methodology
The analytical characteristics of the proposed method demonstrates its validity (Table 1) . Additionally, the mean calcium and magnesium concentrations determined in the NIST SRM 2703 (25.73 ± 0.60 and 12.02 ± 0.16 mg g −1 ) and NIST SRM 1572 (31.50 ± 1.0 and 5.80 ± 0.30 mg g −1 ) were not significantly different than certified levels (26.0 ± 0.30 and 12.0 ± 0.200, and 31.10 ± 1.30 and 5.63 ± 0.21 mg g −1 , respectively). These results show that the analytical technique used is appropriate for the concomitant determination of both elements in soil and sewage sludge, and sugar cane samples, respectively.
No significant difference was found ( p > 0.05) in magnesium concentrations determined with or without the matrix modifier (LaCl 3 ) for standard reference materials. However, for our purposes, the matrix modifier was used for element determination in all samples considered because higher repeatability of the magnesium levels measured is achieved by adding LaCl 3 as shown by Jodral-Segado et al. (2003) . However, for calcium, the existence of matrix interference was observed, so the addition of LaCl 3 as matrix modifier was necessary (Jodral-Segado et al., 2003) .
Calcium and Magnesium Levels in Agricultural Soil and Sewage Sludge
Calcium and magnesium concentrations in the different types of samples analyzed are shown in Table 2 . Mean calcium concentrations measured in the agricultural soil were significantly lower ( p < 0.05) than those determined in sewage sludge. The gully of Brujas from which sewage sludges were taken (Figure 1 ) collects the municipal wastewater outlet as well as industrial discharges from industries of the area, which would significantly increase calcium levels present in sewage sludge. This finding shows the influence of the geological 
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characteristics of agricultural soil vs. those of sewage sludge in the total content of calcium. Jo and Koh (2004) also indicated the influence of the soil type in calcium content. For the magnesium, the mean levels determined in agricultural soil were also lower, although not statistically different than those found in sewage sludge ( p > 0.05). The high calcium and magnesium levels measured in agricultural soil of the area could also be related to industrially produced fly ash deposited on the soil and sedimentation during flood periods of the Guadalfeo river in recent years, as well as the low rainfall, which is less than 500 mm per year. This semi-arid climate facilitates the high calcium and magnesium concentrations measured as stated by other researchers (Materechera, 1999) . The agricultural soil analyzed in this study belongs to the group of calcareous fluvisols, with an elevated content of organic matter. This soil is noted for its high capacity to retain several minerals, specifically calcium and magnesium. For these elements, high levels have been found in samples from SE Spain, when compared to concentrations found by other authors in other locations (Table 3) . It is necessary to take into account that our area of study has tropical environmental conditions, which allow several harvests per year. This fact creates a higher use of fertilizers and compost, which could increase the calcium levels in the agricultural soil studied, as described for other locations (Phillips and Chiy, 2002; Slattery et al., 2002; Soumare et al., 2003) . Calcium levels measured in agricultural soil and sewage sludge were linear and significantly related to corresponding magnesium concentrations (r = 0.618; p < 0.001; r = 0.691, p < 0.005, respectively). These results establish the positive relationship of both elements in these samples and therefore an interdependence between them in food as stated previously (Jodral-Segado et al., 2003) .
Values of pH Determined in Agricultural Soil and Sewage Sludge
Calcium and magnesium content in soil could be influenced by factors like soil pH or the nature of drainage water. Shallari et al. (1998) measured alkaline pH values (7.56 ± 0.68) in soil from industrial sites in Albania similarly to those determined in the present study (7.55 ± 0.27; Terrés et al., 2002) .
In the area studied, the mean pH values for the industrialized zone soil were significantly higher ( p < 0.05, Table 4 ). This finding establishes that industrial contamination is a significant source of a slow and progressive contamination by calcium of agricultural soil included in the industrialized area. Nevertheless, the regression analysis among the calcium and magnesium concentrations and corresponding pH values in agricultural soil established that the element concentrations are not statistically related to pH values ( p = 0.824, r = −0.060; p = 0.862, r = −0.047, respectively).
Influence of the Industrial Activity on Total Calcium and Magnesium Concentrations
The agricultural soils were divided into two groups depending on their sampling zone: industrialized zone (n = 12) including soil samples obtained from sampling stations located around industries existing in the area (power station, paper mill, petrol tanks, industrial complex) and the port of Motril city; and the non-industrialized zone (n = 20). We found that calcium levels measured in agricultural soil samples from the industrialized zone were statistically higher ( p < 0.01) than those found in samples from the non-industrialized one (Table 4) . This finding showed the direct influence of the industrial activity as anthropogenic input in calcium concentrations in agricultural soil of the surrounding area (Schulze et al., 1997) . High calcium concentrations measured in soils from the industrialized zone are related to the agricultural practice followed by farmers of the area about the application of sewage sludges as fertilizers to the close soils. This practice would specifically increase calcium levels in soils from the industrialized zone (Figure 1 ). This fact would also be related to the previous finding that calcium levels measured in sewage sludges are significantly higher than those determined in agricultural soils (Table 2) .
Similarly, Shallari et al. (1998) observed that calcium concentrations in soil from Albania were less than 10 mg g −1 , except for the site of Elbasan and Rubik (industrial zones), and for Brrenjas (28.0 and 19.8 mg g −1 , and 24.2 mg g −1 , respectively). For the magnesium these researchers found levels of 17.5 and 10.4 mg g −1 , respectively, for the two industrial sites previously indicated, values even lower than those found in the non-industrialized zones. These findings are concomitant with our observations for magnesium in this study, where magnesium levels in agricultural soil from the industrialized zone were not statistically different than those found in samples from the non-industrialized zone (Table 4 ; p > 0.05).
Calcium and Magnesium Concentrations in Sugar Cane Samples: Availability from Agricultural Soil
In general, calcium and magnesium concentrations measured in sugar cane samples varied considerably (407.3 ±172.6 and 436.4 ± 281.3 µg g −1 , fresh weight, respectively). This wide range could be related to the different agricultural practices followed by farmers such as the amount and type of fertilizers used or application of sewage sludge to the soil. These are known to influence total calcium and magnesium content and availability by plants grown there (Fageria and Zimmermann, 1998) . Therefore, although the industrial activity statistically enhances total calcium concentrations in agricultural soil (Table 4) , no similar effect was observed for the main crop (sugar cane) grown there (Table 5 ). This finding is possibly due to the short grant period of this plant. Additionally, the calcium present in this soil, taking into consideration its industrial origin, may not have been in a form suitable for sugar cane plants as others have previously pointed out for other plants (Shallari et al., 1998) . Similarly, Warncke et al. (2002) and Park et al. (2004) observed that although lime application increased calcium and magnesium concentrations in the soil, it had no effect on the elemental composition of asparagus fern and willow, respectively. In our study, the magnesium levels in sugar cane were considerably lower than the total levels measured in agricultural soil such as De Nicola et al. (2003) measured for Holm oak leaves. Contrarily, Materechera (1999) estimated a higher correlation between the calcium and magnesium levels in wheat seedlings compared to corresponding levels in soil from South Africa (r = 0.830, r = 0.790, respectively).
In the present study, no significant ( p > 0.05) correlation was found between total calcium and magnesium content in the agricultural soil and the measured levels in the sugar cane grown there ( p = 0.350, r = 0.250; p = 0.558, r = 0.158; respectively). Therefore the calcium and magnesium uptake by plant was independent of the total mineral concentrations existing in the soil as others have pointed out for other crops (Shallari et al., 1998) . Fageria and Zimmermann (1998) observed in different crop species (upland rice, wheat, corn, common bean and cowpea) that the uptake of calcium and magnesium decreased with a diminishment in soil pH. However, in our study, no significant correlation between the soil pH and calcium and magnesium concentrations in sugar cane was found ( p = 0.824, r = −0.060; p = 0.862, r = −0.047, respectively). This finding could be related to the low variability of pH values found in the present study. Additionally, the pH of soil is an important factor that influences different fractions in which calcium and magnesium can be distributed (speciation), influencing solubility, extractability and bioavailability (Bibak et al., 1998; Normandin et al., 1998) . Therefore, future research would be needed in this subject to know how pH influences the distribution of these elements in the different physical-chemical forms at which they can appear, and consequently their bioavailability by plants.
Conclusion
In the present study we have observed that the high calcium levels measured in agricultural soils from the industrialized zone are related to the employment of sewage sludge as fertilizers of closer soils by farmers. Additionally, measured calcium levels in agricultural soils and sewage sludges depend directly on existing magnesium concentrations showing the existence of an interdependence between them. On the other hand, we have observed that the industrial activity directly influenced calcium concentrations and pH values of agricultural soils. Finally, the calcium and magnesium uptake by sugar cane plants do not depend on minerals levels present in agricultural soil.
